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ABSTRACT

This disclosure includes sludge covers, sludge management
systems, and related methods. Some sludge covers use or
include a mesh layer configured to be disposed over sludge
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fluid-impermeable layer configured to be disposed over the
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SLUDGE COVERS, SLUDGE MANAGEMENT
SYSTEMS, AND RELATED METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation No. 62/143,512, filed on Apr. 6, 2015 and entitled

“SLUDGE COVERS, SLUDGE MANAGEMENT SYS-
TEMS, AND RELATED METHODS,” the entire content of

which 1s incorporated by reference herein.

BACKGROUND

1. Field of Invention

The present invention relates generally to waste manage-
ment, and more specifically, but not by way of limitation, to
covers and/or waste management systems including covers
for waste (e.g., sludge).

2. Description of Related Art

Waste covers may be used to seal waste within an area,
such as a basin (e.g., for long-term storage). Some such
wastes, such as, for example, sludge, may possess both: (1)
liquid-like properties that render the wastes unsuitable for
traversing on foot, by land-based equipment, and/or the like;
and (2) a relatively high viscosity and/or solid-like proper-
ties that render the wastes unsuitable for traversing by
floating platform, by barge, and/or the like. Such wastes may
thus frustrate, 11 not prohibit, the installation of a traditional
waste cover (e.g., where the traditional waste cover 1s pulled
over a surface of the waste).

Examples of waste covers are disclosed in U.S. Patent
Nos.: (1) U.S. Pat. No. 7,682,105 and (2) U.S. Pat. No.

>,690,4438.

SUMMARY

Some embodiments of the present covers and/or systems
are configured, through a mesh layer configured to be
disposed over sludge, to facilitate disposal of a supportive
layer over the sludge (e.g., by providing a suitable working
and/or walking surface from which to dispose the supportive
layer over the sludge). Some embodiments of the present
covers and/or systems are configured, through a supportive
layer configured to be disposed over sludge (e.g., and, 1f
present, over a mesh layer), to facilitate disposal of a
substantially fluid-impermeable layer over the sludge (e.g.,
by providing a suitable working and/or walking surface from
which to dispose the substantially fluid-impermeable layer
over the sludge).

Some embodiments of the present sludge covers com-
prise: a mesh layer configured to be disposed over or
disposed over sludge, a supportive layer configured to be
disposed over or disposed over the mesh layer, and a
substantially fluid-impermeable layer configured to be dis-
posed over or disposed over the supportive layer. As used in
this disclosure, a first structure (e.g., layer, panel, and/or the
like) disposed over or overlying a second structure (e.g.,
layer, panel, and/or the like) or a second structure (e.g.,
layer, panel, and/or the like) disposed under or underlying a
first structure (e.g., layer, panel, and/or the like) means that
at least a portion of the second structure 1s underneath, but
not necessarily 1n contact with, at least a portion of the first
structure. In some embodiments, at least a portion of (e.g.,
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2

up to and including all of) the supportive layer 1s 1n contact
with or 1s within 0.05, 0.10, 0.20, 0.30, 0.40, 0.50, 1.00,
1.50, or 2.00 meters (m) of a respective underlying portion
of the mesh layer. In some embodiments, the supportive
layer overlies at least a majority of (e.g., up to and including
all of) the mesh layer. In some embodiments, at least a
portion of (e.g., up to and including all of) the substantially
fluid-impermeable layer 1s 1n contact with or 1s within 0.05,
0.10, 0.20, 0.30, 0.40, 0.50, 1.00, 1.50, or 2.00 m of a
respective underlying portion of the supportive layer. In
some embodiments, the substantially fluid-impermeable
layer overlies at least a majority of (e.g., up to and including
all of) the supportive layer.

In some embodiments, the mesh layer comprises a plu-
rality of mesh panels configured to be coupled together. In
some embodiments, the supportive layer comprises a plu-
rality of supportive panels configured to be coupled together.
In some embodiments, the substantially fluid-impermeable
layer comprises a plurality of substantially fluid-imperme-
able panels configured to be coupled together. In at least
some embodiments, a panel of a layer may be characterized
as a section of the layer.

In some embodiments, the supportive layer defines one or
more closed cells. Some embodiments comprise foam dis-
posed within at least one of the one or more closed cells of
the supportive layer.

Some embodiments of the present sludge management
systems comprise: a sludge cover comprising a mesh layer
configured to be disposed over the sludge, a supportive layer
disposed over the mesh layer, and a substantially fluid-
impermeable layer disposed over the supportive layer. In
some embodiments, the sludge cover defines one or more
fluid passageways between the supportive layer and the
substantially fluid-impermeable layer.

In some embodiments, the mesh layer of the sludge cover
1s defined by a plurality of mesh panels coupled together. In
some embodiments, the supportive layer of the sludge cover
1s defined by a plurality of supportive panels coupled
together. In some embodiments, the substantially fluid-
impermeable layer of the sludge cover 1s defined by a
plurality of substantially fluiud-impermeable panels coupled
together.

In some embodiments, the supportive layer of the sludge
cover defines one or more closed cells. Some embodiments
comprise foam disposed within at least one of the one or
more closed cells of the supportive layer of the sludge cover.

In some embodiments, the sludge cover comprises one or
more supports disposed between the supportive layer and the
substantially fluid-impermeable layer. In some embodi-
ments, at least one of the one or more flmid passageways 1s
defined by a least one of the one or more supports. In some
embodiments, at least one of the one or more supports
comprises foam. In some embodiments, at least one of the
one or more supports 1s at least partially surrounded by a
substantially fluid-impermeable membrane, such as, for
example, a gecomembrane.

In some embodiments, the sludge cover comprises one or
more pipes disposed between the supportive layer and the
substantially flmd-impermeable layer, and at least one of the
one or more fluid passageways 1s defined by at least one of
the one or more pipes. In some embodiments, at least one of
the one or more pipes 1s perforated. In some embodiments,
at least one of the one or more pipes 1s corrugated.

In some embodiments, the sludge cover comprises a
central region surrounded by a perimeter region, and the one
or more fluid passageways comprises a first fluid passage-
way and a second fluid passageway, each extending from the
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central region and through the perimeter region, where the
first fluid passageway 1s angularly disposed relative to the
second fluid passageway. In some embodiments, the sludge
cover comprises a first edge and a second edge opposite the
first edge, and at least one of the one or more fluid passage-
ways extends between the first edge and the second edge.
Some embodiments comprise one or more blowers, where
cach blower 1s configured to encourage tluid communication
through at least one of the one or more tfluid passageways.

In some embodiments, the substantially fluid-imperme-
able layer defines one or more fluid channels. Some embodi-
ments comprise one or more weights, where the one or more
weilghts are coupled to the substantially fluid-impermeable
layer such that the substantially fluid-impermeable layer
defines the one or more fluid channels. Some embodiments
comprise one or more sumps, where each of the one or more
sumps 1s 1n fluid communication with at least one of the one
or more fluid channels. Some embodiments comprise one or
more drains, where each of the one or more drains 1s 1n fluid
communication with at least one of the one or more fluid
channels.

Some embodiments of the present methods for covering
sludge comprise: disposing a plurality of supportive panels
over the sludge, coupling the plurality of supportive panels
together to define a supportive layer, and disposing a sub-
stantially fluid-impermeable layer over the supportive layer
such that the substantially fluid-impermeable layer overlies
at least two of the plurality of supportive panels.

Some embodiments comprise fastening at least one of the
plurality of supportive panels to at least one other of the
plurality of supportive panels. Some embodiments comprise
welding at least one of the plurality of supportive panels to
at least one other of the plurality of supportive panels.

In some embodiments, disposing the substantially fluid-
impermeable layer over the supportive layer comprises
disposing a plurality of substantially fluid-impermeable pan-
els over the supportive layer and coupling the plurality of
substantially fluid-impermeable panels together to define the
substantially fluid-impermeable layer. Some embodiments
comprise welding at least one of the plurality of substan-
tially fluid-impermeable panels to at least one other of the
plurality of substantially fluid-impermeable panels.

Some embodiments comprise disposing a plurality of
mesh panels over the sludge and coupling the plurality of
mesh panels together to define a mesh layer. In some
embodiments, coupling the plurality of mesh panels together
1s such that each of the plurality of mesh panels overlaps at
least one other of the plurality of mesh panels. Some
embodiments comprise fastening at least one of the plurality
of mesh panels to at least one other of the plurality of mesh
panels. Some embodiments comprise welding at least one of
the plurality of mesh panels to at least one other of the
plurality of mesh panels.

In some embodiments, disposing the substantially fluid-
impermeable layer over the supportive layer 1s such that one
or more fluid passageways 1s defined between the supportive
layer and the substantially tluid-impermeable layer. Some
embodiments comprise applying suction to at least one of
the one or more fluid passageways. In some embodiments,
disposing the substantially fluid-impermeable layer over the
supportive layer 1s such that one or more flmd channels 1s
defined by the substantially fluid-impermeable layer.

Some embodiments comprise coupling one or more sup-
ports to the supportive layer. Some embodiments comprise
coupling one or more pipes to the supportive layer. Some
embodiments comprise coupling one or more weights to the
substantially fluid-impermeable layer.
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Some embodiments of the present sludge covers com-
prise: a mesh layer configured to be disposed over sludge, a
supportive layer configured to be disposed over the mesh
layer, and a substantially fluid-impermeable layer config-
ured to be disposed over the supportive layer. In some
embodiments, the supportive layer 1s disposed over the mesh
layer and the substantially fluid-impermeable layer 1s dis-
posed over the supportive layer.

In some embodiments, the supportive layer comprises a
plurality of supportive panels. In some embodiments, the
supportive layer comprises foam. In some embodiments, the
supporting layer defines one or more cells, at least one of the
one or more cells containing foam. In some embodiments,
the substantially fluid-impermeable layer comprises a
geomembrane.

Some embodiments comprise one or more supports or
pipes disposed beneath the substantially fluid-impermeable
layer such that the one or more supports or pipes define one
or more fluid passageways beneath the substantially tluid-
impermeable layer. In some embodiments, at least one of the
one or more supports or pipes comprises a support including
foam surrounded by a geomembrane. Some embodiments
comprise one or more weights placed on top of the substan-
tially fluid-impermeable layer such that the substantially
fluid-impermeable layer defines one or more fluid channels.

Some embodiments of the present sludge covers com-
prise: a supportive layer configured to be disposed over
sludge, the supportive layer including a plurality of support-
1ve panels, each comprising foam, and a substantially tluid-
impermeable layer configured to be disposed over the sup-
portive layer. Some embodiments comprise a mesh layer
configured to be disposed between the sludge and the
supportive layer. In some embodiments, the substantially
fluid-impermeable layer 1s disposed over the supportive
layer.

In some embodiments, each of the plurality of supportive
panels defines one or more cells, at least one of the one or
more cells containing foam. In some embodiments, the
substantially fluid-impermeable layer comprises a geomem-
brane. Some embodiments comprise one or more weights
placed on top of the substantially fluid-impermeable layer
such that the substantially flmmd-impermeable layer defines
one or more fluid channels.

Some embodiments of the present methods for covering
sludge comprise: disposing a plurality of mesh panels over
the sludge to define a mesh layer and disposing a substan-
tially fluid-impermeable layer over the mesh layer. Some
embodiments comprise disposing a supportive layer over the
mesh layer, the supportive layer defining one or more cells,
at least one of the one or more cells containing foam, where
disposing the substantially fluid-impermeable layer over the
mesh layer 1s performed such that the substantially fluid-
impermeable layer 1s disposed over the supportive layer.

In some embodiments, disposing the supportive layer
over the mesh layer comprises disposing a plurality of
supportive panels, each defining at least one of the one or
more cells, over the mesh layer to define the supportive
layer. In some embodiments, disposing the substantially
fluid-impermeable layer over the mesh layer comprises
disposing a plurality of substantially fluid-impermeable pan-
cls over the supportive layer to define the substantially
fluid-impermeable layer. In some embodiments, the substan-
tially fluid-impermeable layer comprises a geomembrane.

Some embodiments of the present sludge covers comprise
a mesh layer configured to be disposed over sludge and/or a
supportive layer configured to be disposed over sludge, and,
iI present, the mesh layer, the supportive layer optionally
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comprising foam and optionally defiming one or more cells,
where foam 1s optionally disposed within at least one of the

one or more cells, and a substantially fluid-impermeable
layer configured to be disposed over the mesh layer, 1f
present, and the supportive layer, 1f present, the substantially
fluid-impermeable layer optionally comprising a geomem-
brane.

Some embodiments of the present methods for covering
sludge comprise disposing a mesh layer over the sludge
and/or disposing a supportive layer over the sludge, and, 1f
present, the mesh layer, the supportive layer optionally
comprising foam and optionally defining one or more cells,
where foam 1s optionally disposed within at least one of the
one or more cells, and disposing a substantially fluid-
impermeable layer over the mesh layer, if present, and over
the supportive layer, i present, the substantially fluid-
impermeable layer optionally comprising a geomembrane.

The term “coupled” 1s defined as connected, although not
necessarily directly and not necessarily mechanically; two
items that are “coupled” may be unitary with each other. The
terms “a” and “an” are defined as one or more unless this
disclosure explicitly requires otherwise. The term “substan-
tially” 1s defined as largely, but not necessarily wholly, what
1s specified (and includes what 1s specified; e.g., substan-
tially 90 degrees includes 90 degrees and substantially
parallel includes parallel), as understood by a person of
ordinary skill 1n the art. In any disclosed embodiment, the
terms “substantially” and “approximately” and may be sub-
stituted with “within [a percentage] of” what 1s specified,
where the percentage includes 0.1, 1, 35, and 10 percent.

Further, a device or system that 1s configured 1n a certain
way 1s configured in at least that way, but 1t can also be
configured 1n other ways than those specifically described.

The terms “comprise” (and any form of comprise, such as
“comprises” and “comprising”), “have” (and any form of
have, such as “has” and “having”), “include” (and any form
of 1include, such as “includes” and “including™), and *“con-
tain” (and any form of contain, such as “contains” and
“containing”) are open-ended linking verbs. As a result, an
apparatus that “comprises,” “has,” “includes,” or “contains”
one or more elements possesses those one or more elements,
but 1s not limited to possessing only those elements. Like-
wise, a method that “comprises,” “has,”

has,” “includes,” or
“contains” one or more steps possesses those one or more
steps, but 1s not limited to possessing only those one or more
steps.

Any embodiment of any of the apparatuses, systems, and
methods can consist of or consist essentially of—rather than
comprise/have/include/contain—any of the described steps,
clements, and/or features. Thus, mn any of the claims, the
term “‘consisting of” or *“consisting essentially of” can be
substituted for any of the open-ended linking verbs recited
above, 1n order to change the scope of a given claim from
what 1t would otherwise be using the open-ended linking
verb.

The feature or features of one embodiment may be
applied to other embodiments, even though not described or
illustrated, unless expressly prohibited by this disclosure or
the nature of the embodiments.

Some details associated with the embodiments
described above and others are described below.

dre

BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings illustrate by way of example and
not limitation. For the sake of brevity and clarity, every
feature of a given structure 1s not always labeled 1n every
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6

figure 1n which that structure appears. Identical reference
numbers do not necessarily indicate an 1dentical structure.
Rather, the same reference number may be used to indicate
a similar feature or a feature with similar functionality, as
may non-identical reference numbers. The figures are drawn
to scale (unless otherwise noted), meamng the sizes of the
depicted elements are accurate relative to each other for at
least the embodiment depicted 1n the figures.

FIG. 1A 1s a cross-sectional perspective view of a first
embodiment of the present sludge management systems.

FIG. 1B is a cross-sectional side view of the embodiment

of FIG. 1A.

FIG. 1C 1s a top view of the embodiment of FIG. 1A, with
some features depicted schematically.

FIG. 2 1s a perspective view of a portion of a mesh layver,
which may be suitable for use in some embodiments of the
present covers and/or systems.

FIGS. 3A and 3B are a cross-sectional perspective view
and a cutaway top view, respectively, of a portion of a
supportive layer, which may be suitable for use 1n some
embodiments of the present covers and/or systems.

FIG. 4 1s a top view of a second embodiment of the

present sludge management systems, with some features
depicted schematically.

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

T

Referring now to the drawings, and more particularly to
FIGS. 1A-1C, shown therein and designated by the refer-
ence numeral 10aq 1s a first embodiment of the present sludge
management systems. In the embodiment shown, sludge
management system 10a comprises a sludge cover 14 con-
figured to cover sludge 18.

In this embodiment, cover 14 comprises a mesh layer 22
configured to be disposed over (e.g., including submerged
and/or partially submerged within) sludge 18. As used in this
disclosure, the term “sludge” includes, but 1s not limited to,
compositions of one or more viscous fluids, and such
compositions may include solid components. Such a mesh
layer (e.g., 22) can include a textile or geotextile (e.g.,
whether woven or non-woven), a grid or geogrid, a net or
geonet, a mat, geomat, or erosion control mat, a web or
geoweb, a geocomposite, geocells, and/or the like. In the
depicted embodiment, mesh layer 22 comprises high-density
polyethylene (HDPE); however, in other embodiments,
respective mesh layers (e.g., 22) can comprise any suitable
material, such as, for example, linear low-density polyeth-
ylene (LLDPE), polyvinyl chloride (PVC), polypropylene
(1PP), chlorosulionated polyethylene (CSPE), ethylene pro-
pylene diene terpolymer (EPDM), polyester, and/or the like.
In the embodiment shown, mesh layer 22 defines a plurality
of openings 26 through the mesh layer (FIG. 2). In this
embodiment, each of plurality of openings 26 i1s generally
parallelogram-shaped; however, in other embodiments,
openings ol respective plurality of openings (e.g., 26) of
respective mesh layers (e.g., 22) may comprise any suitable
shape, such as, for example, circular, elliptical, and/or
otherwise rounded, triangular, square, rectangular, and/or
otherwise polygonal, and/or the like. In these ways and
others, respective mesh layers (e.g., 22) of the present covers
and/or systems may provide a degree of stability to sludge
(e.g., by restraining portions of the sludge within respective
openings of a respective mesh layer, thereby inhibiting tlow
of the sludge), provide a suitable working and/or walking
surface (e.g., from which to dispose a respective supportive
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layer 34, a respective substantially fluid-impermeable layer
54, and/or the like over the sludge) and/or the like.
Referring additionally to FI1G. 2, 1 the depicted embodi-
ment, mesh layer 22 comprises a plurality of mesh panels
(e.g.,22a, 22b) coupled together or configured to be coupled
together. For example, 1 this embodiment, each of the
plurality of mesh panels (e.g., 22a, 22b) comprises a length
of approximately 45.7 m and a width of approximately 4.6
m. In the embodiment shown, the plurality of mesh panels
(e.g., 22a, 22b) are coupled together or configured to be
coupled together such that, for example, each of the plurality
of mesh panels overlaps at least one other of the plurality of
mesh panels. As “overlap” 1s used 1n this disclosure, two
panels may each overlap the other (e.g., regardless of which
of the two panels 1s disposed above the other of the two
panels). For example, in this embodiment, mesh panel 224
overlaps a portion of mesh panel 2256 (e.g., a portion having

a width that 1s greater than any one of or between any two
of 7.0, 7.5, 10.0, 12.5, 15.0, 20.0, 25.0, 30.0, 35.0, 40.0,

45.0, 50.0, 55.0, 60.0, 65.0, 70.0, 75.0, 80.0, 85.0, and 90.0
cm, such as, for example, a width from 15 ¢cm to 90 cm, a
width from 30 cm to 90 cm, and/or the like), and mesh panel
22b overlaps a portion of mesh panel 22q (e.g., a portion
having a width that 1s greater than any one of or between any
two of 7.0, 7.5, 10.0, 12.5, 15.0, 20.0, 25.0, 30.0, 35.0, 40.0,
45.0, 50.0, 55.0, 60.0, 65.0, 70.0, 75.0, 80.0, 85.0, and 90.0
cm, such as, for example, a width from 15 cm to 90 cm, a
width from 30 cm to 90 cm, and/or the like). Such coupling
together of two or more of the plurality of mesh panels (e.g.,
22a, 22bH) may be accomplished 1n any suitable fashion, such
as, for example, via fasteners (e.g., zip-ties, nuts and bolts,
screws, and/or the like), adhesives, welding, and/or the like.
In yet other embodiments, respective mesh layers (e.g., 22)
may be formed from mesh panels (e.g., 22a, 22b) that are
spaced apart from (e.g., not physically connected to) one
another. In yet other embodiments, respective mesh layers
(e.g., 22) may be unitary.

For example, some embodiments of the present methods
for covering sludge (e.g., 18) comprise disposing a mesh
layer (e.g., 22) over the sludge. In some embodiments,
disposing the mesh layer over the sludge comprises dispos-
ing a plurality of mesh panels (e.g., 22a, 22b) over the
sludge. Some methods comprise coupling the plurality of
mesh panels together. In some methods, coupling the plu-
rality of mesh panels together 1s such that each of the
plurality of mesh panels overlaps at least one other of the
plurality of mesh panels (e.g., as shown 1 FIG. 2). Som
methods comprise fastening at least one of the plurality of
mesh panels to at least one other of the plurality of mesh
panels. Some methods comprise welding at least one of the
plurality of mesh panels to at least one other of the plurality
of mesh panels.

In the depicted embodiment, cover 14 comprises a sup-
portive layer 34 disposed over or configured to be disposed
over sludge 18 (e.g., and mesh layer 22, 1f present) (e.g., and
secured at one or more edges of the supportive layer, for
example, using an anchor trench). Such supportive layers
(e.g., 34) can comprise any suitable structure that 1s capable
of providing a working and/or walking surface over sludge
(c.g., 18) (e.g., from which to dispose a substantially fluid-
impermeable layer 54 and/or the like over the sludge), such
as, for example, a structure that 1s buoyant 1n the sludge, and
the following description of supportive layer 34 1s provided
only by way of illustration. In the embodiment shown,
supportive layer 34 defines one or more cells 38, each of
which may be closed or substantially closed (e.g., but not
necessarlly watertight). In this embodiment, a supportive
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and/or 1nsulative material, such as, for example, foam 42, 1s
disposed within at least one of one or more cells 38. In the
depicted embodiment, foam 42 1s at least partially covered
and/or at least partially surrounded by a film or membrane
44 (e.g., to mitigate fluid ingress mto the foam). In the
embodiment shown, supportive layer 34, and more particu-
larly, portions of the supportive layer that define one or more
cells 38, comprise HDPE; however; in other embodiments,
respective supportive layers (e.g., 34) may comprise any
suitable material, such as, for example LLDPE, PVC, 1PP,
CSPE, EPDM, and/or the like. Respective foam (e.g., 42) of
the present covers and/or systems may comprise any suitable
foam, such as, for example, expanded polystyrene foam
(EPS) and/or the like, whether having a closed-cell and/or
open-cell structure. Respective supportive layers (e.g., 34)
of the present covers and/or systems may, in addition to
providing a suitable working and/or walking surface over
sludge (e.g., 18), insulate the sludge (e.g., from an external
environment).

Referring additionally to FIGS. 3A and 3B, 1n the embodi-
ment shown, supportive layer 34 1s defined by a plurality of
supportive panels or casings (e.g., 34a, 34bH, 34c¢). For
example, 1 this embodiment, each of the plurality of
supportive panels (e.g., 34a, 34b, 34¢) comprises an upper
layer 46a and a lower layer 4656 that are coupled together
(e.g., bonded, welded, and/or the like) at a substantially
closed perimeter 48 to define one or more of one or more
cells 38 between the upper layer and the lower layer. In the
depicted embodiment, portions of upper layer 46a and/or
lower layer 460 extend laterally outwardly beyond substan-
tially closed perimeter 48 to define one or more flanges 350
(e.g., which may facilitate coupling together of the plurality
of supportive panels). In the embodiment shown, each of the
plurality of supportive panels (e.g., 34a, 34b, 34¢) comprises
a length 52 of approximately 15.1 m, and a width 56 of
approximately 2.3 m.

Similarly to as described above for the plurality of mesh
panels (e.g., 22a, 22b), the plurality of supportive panels
(e.g., 34a, 34b, 34¢c) may be coupled together or be config-
ured to be coupled together such that each of the plurality of
supportive panels (e.g., a respective flange 50 thereof)
overlaps at least one other of the plurality of supportive
panels (e.g., a respective tlange 50 thereof) (FIG. 1A).
Coupling together of two or more of the plurality of sup-
portive panels (e.g., 34a, 34b, 34¢) may be accomplished in
any suitable fashion, such as, for example, via fasteners,
adhesive, welding (e.g., which may facilitate a sealed or
substantially sealed coupling between the two or more of the
plurality of supportive panels), and/or the like. In yet other
embodiments, respective supportive layers (e.g., 34) may be
formed from supportive panels (e.g., 34a, 34b, 34c¢) that are
spaced apart from (e.g., not physically connected to) one
another. In yet other embodiments, respective supportive
layers (e.g., 34) may be unitary. In some embodiments, a
respective supportive layer (e.g., 34) may include one or
more sheets or layers of foam (e.g., with each sheet or layer
forming a panel of the supportive layer).

For example, some embodiments of the present methods
for covering sludge (e.g., 18) comprise disposing a support-
ive layer (e.g., 34) over the sludge, and, 1f present, a mesh
layer (e.g., 22). In some embodiments, disposing the sup-
portive layer over the sludge comprises disposing a plurality
ol supportive panels (e.g., 34a, 34b, 34c¢) over the sludge.
Some embodiments comprise coupling the plurality of sup-
portive panels together. Some methods comprise fastening at
least one of the plurality of supportive panels to at least one
other of the plurality of supportive panels. Some methods
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comprise welding at least one of the plurality of supportive
panels to at least one other of the plurality of supportive
panels.

In this embodiment, cover 14 comprises a substantially
(e.g., up to and including completely) fluid-impermeable
layer 54 (e.g., a gecomembrane) disposed over or configured
to be disposed over mesh layer 22, if present, and supportive
layer 34, 1f present (e.g., and secured at one or more edges
of the substantially fluid-impermeable layer, for example,
using an anchor trench). In the depicted embodiment, sub-
stantially fluid-impermeable layer 54 comprises HDPE;
however, 1n other embodiments, respective substantially
fluid-impermeable layers (e.g., 34) may comprise any suit-
able material, such as, for example LLDPE, PVC, 1PP,
CSPE, EPDM, reinforced polypropylene (RPP), CSPE syn-
thetic rubber, and/or the like. Respective fluid-impermeable
layers (e.g., 54) of the present covers and/or systems may
comprise any suitable thickness, such as, for example, a
nominal thickness of approximately 60-80 thousandths of an
inch (mils). In these ways and others, respective substan-
tially fluid-impermeable layers (e.g., 54) of the present
covers and/or systems may prohibit or substantially prohibit
liguud and/or gas (e.g., evaporate, rainwater, snowmelt,
and/or the like) ingress into and/or egress from sludge
through the respective substantially fluid-impermeable lay-
ers and/or the like (e.g., eflectively sealing the sludge for
long-term storage).

In the embodiment shown, substantially fluid-imperme-
able layer 54 1s defined by a plurality of substantially
fluid-impermeable panels (e.g., 54a, 54b, 354¢) coupled
together or configured to be coupled together. For example,
in this embodiment, each of the plurality of substantially
fluid-impermeable panels (e.g., 34a, 34b, 54¢) comprises a
length of approximately 121.9m (e.g., from 15.0to 125.0 m)
and a width of approximately 6.8 m (e.g., from 2.5 to 35.0
m). Similarly to as described above for the plurality of mesh
panels (e.g., 22a, 225b) and the plurality of supportive panels
(c.g., 34a, 34bH, 34c), the plurality of substantially fluid-
impermeable panels (e.g., 54a, 34bH, 54¢) may be coupled
together or be configured to be coupled together such that
cach of the plurality of substantially fluid-impermeable
panels overlaps at least one other of the plurality of sub-
stantially fluid-impermeable panels (e.g., which may
enhance fluid-impermeability of substantially fluid-imper-
meable layer 54). Such coupling together of two or more of
the plurality of substantially fluid-impermeable panels (e.g.,
54a, 54b, 54¢) may be accomplished 1n any suitable fashion,
such as, for example, by welding (e.g., which may facilitate
a sealed or substantially sealed coupling between the two or
more of the plurality of substantially flmd-impermeable
panels). In yet other embodiments, respective substantially
fluid-impermeable layers (e.g., 54) may be unitary.

For example, some embodiments of the present methods
for covering sludge (e.g., 18) comprise disposing a substan-
tially fluid-impermeable layer (e.g., 54) over a supportive
layer (e.g., 34). In some methods, disposing the substantially
fluid-impermeable layer over the supportive layer 1s such
that the substantially fluid-impermeable layer overlies at
least two of a plurality of supportive panels (e.g., 34a, 345,
34¢) of the supportive layer. Some embodiments of the
present methods for covering sludge (e.g., 18) comprise
disposing a substantially fluid-impermeable layer (e.g., 54)
over a mesh layer (e.g., 22). In some methods, disposing the
substantially fluid-impermeable layer (e.g., 54) over the
mesh layer 1s such that the substantially flud-impermeable
layer overlies at least two of a plurality of mesh panels (e.g.,
22a, 22b) of the mesh layer. In some methods, disposing the
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substantially fluid-impermeable layer over the supportive
layer and/or the mesh layer comprises disposing a plurality
of substantially fluid-impermeable panels (e.g., 54a, 545,
54c) over the supportive layer and/or the mesh layer and
coupling the plurality of substantially fluid-impermeable
panels together. Some methods comprise welding at least
one of the plurality of substantially fluid-impermeable pan-
cls to at least one other of the plurality of substantially
fluid-impermeable panels.

Provided by way of example, 1n the depicted embodiment,
cover 14 has a length 58 of approximately 274.3 m and a
width 60 of approximately 213.4 m (FIG. 1C) (e.g., defined
by a corresponding length and/or a corresponding width of
mesh layer 22, supportive layer 34, and/or substantially
flmid-impermeable layer 54). However, the present covers
(e.g., 14) may comprise any suitable respective length (e.g.,
58) and/or any suitable respective width (e.g., 60), which
may be facilitated, at least in part, by a modular and/or
panel-based structure of a respective mesh layer (e.g., 22), a
respective supportive layer (e.g., 34), and/or a respective
substantially fluid-impermeable layer (e.g., 54).

In this embodiment, cover 14 defines one or more fluid
passageways 62 beneath substantially flmd-impermeable
layer 54. For example, 1n the depicted embodiment, sludge
cover 14 comprises one or more pipes 66 disposed beneath
substantially fluid-impermeable layer 54, where at least one
of one or more fluid passageways 62 1s defined by at least
one of the one or more pipes (e.g., within an interior
passageway of the at least one of the one or more pipes
and/or adjacent to the at least one of the one or more pipes,
but outside of the interior passageway of the at least one of
the one or more pipes). Pipes of respective one or more pipes
(e.g., 66) of the present covers and/or systems may comprise
any suitable pipe, such as, for example, perforated pipe,
corrugated pipe, and/or the like.

In some embodiments, respective sludge covers (e.g., 14)
may comprise one or more supports disposed beneath a
respective substantially fluid-impermeable layer (e.g., 54)
(e.g., 1n a same or similar location as one or more pipes 66
in cover 14), where at least one of respective one or more
fluid passageways (e.g., 62) 1s defined by at least one of the
one or more supports (e.g., in a volume and/or duct space
defined between layers and adjacent the at least one of the
one or more supports). In these embodiments, such supports
may comprise any suitable material, such as, for example,
foam (e.g., EPS), which may be at least partially surrounded
by a substantially fluid-impermeable membrane (e.g., a
geomembrane). At least through respective one or more fluid
passageways (e.g., 62), some embodiments of the present
covers and/or systems may be configured to allow gasses
(e.g., biogas produced by sludge) to escape from respective
portions (e.g., underneath respective layers) of the covers
and/or systems (e.g., thus preventing the gasses from lifting
and/or otherwise displacing the respective portions and/or
the respective layers of the covers and/or the systems).

For example, some embodiments of the present methods
for covering sludge comprise disposing a substantially tluid-
impermeable layer (e.g., 54) over a mesh layer (e.g., 22)
and/or a supportive layer (e.g., 34) such that one or more
fluid passageways (e.g., 62) 1s defined beneath the substan-
tially flmd-impermeable layer. Some methods comprise cou-
pling one or more pipes (e.g., 66) to the mesh layer and/or
the supportive layer. Some methods comprise coupling one
or more supports to the mesh layer and/or the supportive
layer.

In the embodiment shown, cover 14 comprises a central
region 70 surrounded by a perimeter region 74 (FI1G. 1C). In
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this embodiment, one or more fluid passageways 62 com-
prises a first tluid passageway (e.g., 62a) and a second fluid
passageway (e.g., 62b), each extending from central region
70 and through perimeter region 74, where the first fluid
passageway 1s angularly disposed relative to the second fluid
passageway (e.g., as shown). In the depicted embodiment,
cover 14 comprises a first edge 78a and a second edge 785
opposite the first edge, and at least one of one or more fluid
passageways 62 (e.g., 62b) extends between the first edge
and the second edge. In this embodiment, at least one of one
or more fluid passageways 62 (e.g., 62a) 1s 1n fluid com-
munication with at least one other of the one or more fluid
passageways (e.g., 62b).

In the embodiment shown, system 10a comprises one or
more blowers 82, each configured to encourage fluid com-
munication through at least one of one or more fluid pas-
sageways 62. For example, some embodiments of the pres-
ent methods for covering sludge comprise applying suction
(e.g., with at least one of one or more blowers 82) to at least
one of one or more fluid passageways (e.g., 62).

In this embodiment, substantially fluid-impermeable layer
54 defines one or more fluid channels 94 (e.g., defined by
depressed portions of an upper surface of the substantially
fluid-impermeable layer). For example, in the depicted
embodiment, system 10a comprises one or more weights or
ballasts 98, where the one or more weights or ballasts are
coupled to substantially flmd-impermeable layer 54 such
that the substantially fluid-impermeable layer defines one or
more fluid channels 94 (e.g., such that the one or more
weights or ballasts each create a depression 1n a top surface
of the substantially fluid-impermeable layer within which
fluids may flow). Such one or more weights or ballasts 98
may be coupled to substantially fluid-impermeable layer 54
in any suitable fashion (e.g., by resting one or more of the
one or more weights or ballasts on a top surface of the
substantially fluid-impermeable layer and/or via fasteners,
straps, and/or the like).

In the embodiment shown, system 10a comprises one or
more sumps 102, where each of the one or more sumps 1s in
fluid communication with at least one of one or more fluid
channels 94 (e.g., to collect fluid communicated through the
at least one of the one or more fluid channels). In this
embodiment, system 10a comprises one or more drains 106
(e.g., drop drains), where each of the one or more drains 1s
in fluid communication with at least one of one or more fluid
channels 94 (e.g., to collect fluid communicated through the
at least one of the one or more fluid channels). Some
embodiments of the present systems may comprise one or
more pumps, which may be configured to encourage tluid
communication through at least one of respective one or
more fluid channels (e.g., 94).

For example, some embodiments of the present methods
for covering sludge comprise disposing a substantially tluid-
impermeable layer (e.g., 54) over a supportive layer (e.g.,
34) and/or a mesh layer (e.g., 22) such that one or more fluid
channels (e.g., 94) 1s defined by the substantially tluid-
impermeable layer. Some methods comprise coupling one or
more weights or ballasts to the substantially fluid-imperme-
able layer.

Referring now to FIG. 4, shown therein and designated by
the reference numeral 1056 1s a second embodiment of the
present sludge management systems. System 105 1s substan-
tially similar to system 10aq, with the primary exception
being the configuration of one or more tluid passageways 62
and one or more fluid channels 94. For example, 1n the
embodiment shown, one or more fluid passageways 62 each
extend substantially parallel with one another between first
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edge 78a and second edge 78b. In this embodiment, one or
more tluid channels 94 each extend substantially parallel
with one another (e.g., and with one or more fluid passage-
ways 62) between first edge 78a and second edge 78b.

The above specification and examples provide a complete
description of the structure and use of illustrative embodi-
ments. Although certain embodiments have been described
above with a certain degree of particularity, or with refer-
ence to one or more 1ndividual embodiments, those skilled
in the art could make numerous alterations to the disclosed
embodiments without departing from the scope of this
invention. As such, the various illustrative embodiments of
the methods and systems are not intended to be limited to the
particular forms disclosed. Rather, they include all modifi-
cations and alternatives falling within the scope of the
claims, and embodiments other than the one shown may
include some or all of the features of the depicted embodi-
ment. For example, elements may be omitted or combined as
a unitary structure, and/or connections may be substituted.
Further, where appropriate, aspects of any of the examples
described above may be combined with aspects of any of the
other examples described to form further examples having
comparable or different properties and/or functions, and
addressing the same or diflerent problems. Similarly, 1t will
be understood that the benefits and advantages described
above may relate to one embodiment or may relate to several
embodiments.

The claims are not intended to include, and should not be
interpreted to include, means-plus- or step-plus-function
limitations, unless such a limitation 1s explicitly recited 1n a
given claim using the phrase(s) “means for” or “step for,”
respectively.

The mvention claimed 1s:

1. A sludge cover comprising:

a supportive layer configured to be disposed over sludge,
the supportive layer including a plurality of supportive
panels, each comprising:
upper and lower layers coupled together to define one

or more cells therebetween;
where at least one of the one or more cells contains
foam; and

a substantially fluid-impermeable layer configured to be
disposed over the supportive layer.

2. The sludge cover of claim 1, comprising a mesh layer
configured to be disposed between the sludge and the
supportive layer.

3. The sludge cover of claim 1, where the substantially
fluid-impermeable layer comprises a geomembrane.

4. The sludge cover of claim 1, where the substantially
fluid-impermeable layer 1s disposed over the supportive
layer.

5. The sludge cover of claim 4, comprising one or more
weights placed on top of the substantially fluid-impermeable
layer such that each of the one or more weights creates a
depression 1n the top surface of the substantially tluid-
impermeable layer, the depression(s) defining one or more
fluid channels.

6. A method for covering sludge, the method comprising:

disposing a plurality of mesh panels over the sludge to
define a mesh layer; and

disposing a substantially fluid-impermeable layer over the
mesh layer.

7. The method of claim 6, where the substantially fluid-

impermeable layer comprises a geomembrane.
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8. The method of claim 7, comprising:

disposing a supportive layer over the mesh layer, the
supportive layer defining one or more cells, at least one
of the one or more cells containing foam;

where disposing the substantially fluid-impermeable layer 5

over the mesh layer 1s performed such that the sub-
stantially fluid-impermeable layer 1s disposed over the
supportive layer.

9. The method of claim 8, where disposing the supportive
layer over the mesh layer comprises disposing a plurality of 10
supportive panels, each defining at least one of the one or
more cells, over the mesh layer to define the supportive
layer.

10. The method of claim 9, where disposing the substan-
tially flmid-impermeable layer over the mesh layer comprises 15
disposing a plurality of substantially fluid-impermeable pan-
cls over the supportive layer to define the substantially
fluid-impermeable layer.

G e x Gx ex
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